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Abstract 
The wire electrical discharge machining is based on the developing electrical discharges between a travelling wire tool electrode 
and a plate workpiece, in order to detach parts characterized by machined ruler surfaces. The practical experience and the study 
of the specialty literature highlighted the possibilities to improve the material removal rate by acting on the wire tool electrode. 
Two versions of devices able to periodically change the wire traveling motion speed are discussed and proposed; the devices 
could be included in the circuit of guiding the wire electrode on the wire electrical discharge machine. 
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1. Introduction 
The electrical discharge machining is a machining method based on the material removal from workpiece as a 
consequence of developing of electrical discharges between the closest asperities placed on the active surface of the 
tool electrode and workpiece, both the tool electrode and the workpiece being placed in a dielectric liquid [1, 2]. 
Practically, the circulation of the dielectric fluid ensures conditions for the removing from the work gap of particles 
detached from the two electrodes involved in the electrical discharge machining process. The electrical discharges in 
pulses contribute to the material removal both from the tool electrode and workpiece. The material removal from 
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workpiece is just the aim of the machining process; the material removal from the tool electrode is a wear process 
and it must be minimized. If certain conditions concerning the tool electrode material, the characteristics of the 
electrical discharges etc. are fulfilled, the wire tool electrode wear could be significantly diminished and this is an 
objective of many research activities.  
If the type of tool electrode is analyzed, one may take into consideration two essential electrical discharge 
machining methods:  
1) Ram electrical discharge machining, supposing a coordinated motion between a massive tool electrode and 
workpiece; various and complex surfaces could be obtained as a consequence of the relative motions between the 
massive tool electrode and the workpiece, especially when a computer numerical control subassembly exists;  
2) wire electrical discharge machining, when a tool electrode type wire is traveling from a reel to a take-up reel. 
In principle, the wire electrode motion is necessary in order to compensate the tool electrode wire; because thin 
wires (wire diameter being of 0.01 … 0.3 mm) are used, the tool electrode could be definitively destroyed and 
broken, if the wire electrode has not a translation motion along its axis; this is the reason of the using a tool electrode 
found in a continuous motion (travelling along its axis) during the machining process. 
By wire electrical discharge machining, pieces having various contours could be detached from plates 
workpieces, but only ruled surfaces could be obtained by wire electrical discharge machining processes and initially 
this was meaning that only cylindrical surfaces could be obtained by wire electrical discharge machining. In the last 
decades, the machines tools manufacturers included a supplementary controlled motion of the upper support of the 
wire guide; in this way, conical surfaces or ruled surfaces similar to the conical surfaces could also be obtained. 
As before mentioned, along the time, many researchers directed their efforts to the improving of various aspects 
specific to the electrical discharge machining.  
Thus, Shitik et al. [3] proposed a technique which could be used in order to determine the wire electrode tool shift 
value during the process of obtaining conical four-coordinate electroerosion treatment. They considered that in this 
way an improving of the machining accuracy becomes possible in the case of the conical surfaces. 
Dodun et al. noticed [4] a phenomenon of deformation of the machined zone in the case of intersection of 
surfaces under small values of the angle, at the wire electrical discharge machining. The deformation was in distinct 
direction, depending on electrical and magnetic properties of the workpiece material.  
Patel and Vaghmare [5] have proposed a review of the latest papers in the field of WEDM. They have revised 
various subjects, from wire-EDM process optimization (WEDM parameters design, WEDM modelling) to process 
monitoring and control by means of using fuzzy control system, wire inaccuracy adaptive control systems and self-
tuning adaptive control systems. They stated that wire breakage, an unwanted incident, is a factor that affects in a 
negative manner both machining precision and part quality. Some results have been made by using online 
identification of nonstandard machining condition, together with a control strategy. 
Kinoshita et al. [6] have studied wire behavior in the gap occurring at WEDM, referring to the wire bending and 
to the wire-lag behind predicted machining spot. They made a correlation between such factors and the accuracy of 
the established workpiece profile, taking into consideration a dynamic analysis of the process. They observed a large 
variety of operating conditions in order to establish the difference between normative profile and the one empirically 
obtained. One result was that the pulse gap voltage frequency highly increased with up to 40 meters before wire 
breakage. In order to minimize wire electrode tool wear, they used control system which offered the possibility of 
switching off the pulse generator and servo system. 
Wear behaviour and tool life of cemented carbide punch was studied by Lauwers et al. [7]. They used six test 
pieces with various electrical discharge machining surface qualities in order to compare them with two ground 
punches, due to the high number of stampings that ceramics are used for. The wire tool electrode wear was 
determined in order to estimate tool life, by means of measuring burr height on the processed workpiece material. 
In a review of scientific papers in the wire electrical discharge machining area, Ho et al. [8] have emphasized the 
importance of wire-breakage as negative outcome that affects the process efficiency and accuracy. They studied 
papers that referred to process parameters optimization, in order to improve overall machining consistency, material 
removal rate and performance. One method of improving tool wear rate was described to be as the orbiting of the 
electrode around the workpiece. The planetary movement of the wire tool electrode provokes a flushing action that 
enhances productivity and precision, and that reduces wire breakage. Also, the review highlights the use of adaptive 
monitoring on control by means of measuring various control strategies feasibility. 
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Nomenclature 
d diameter of the wire tool electrode  
l  length of the active zone of the wire tool electrode (thickness of the plate workpiece) 
δ mean density of the electric current 
s  work gap size 
U  voltage applied to the electrodes 
E electric rigidity of the substance found in the work gap. 
2. Phenomena in which the tool electrode is involved 
Essentially, as abovementioned, the wire electrical discharge machining process involves the motion of the wire 
electrode along its axis (Fig. 1 (a)), from a wire supply reel to a take-up reel; both the wire tool electrode and the 
workpiece are included in the electric circuit of a pulse generator PG. In order to ensure a controlled work motion 
between the wire electrode tool and the workpiece, two or many guides for the wire are placed before the wire 
electrode penetrates into workpiece and other guides could be met after the exit of the wire electrode tool from 
workpiece. Due to the material removal from the workpiece as a consequence of the electrical discharges and to the 
existence of a work motion achieved usually by the workpiece, a perforated groove in accordance with an 
established trajectory develops in the workpiece. 
The electrical discharge develops when the work gap s between the wire tool electrode and workpiece becomes 
lower than the ratio between the voltage U applied to the electrodes and the so-called electrical rigidity E of the 
substance found in the gap: 
E
Us     (1) 
A relative motion between the rectilinear zone of the wire tool electrode and the plate workpiece is ensured by 
subsystems of computer numerical control. 
The wire tool electrode material must have a high electrical conductivity and, if possible, a high resistance to 
tensile. Nowadays, the main materials used for wire tool electrodes are brass, copper, tungsten or molybdenum. The 
wire tool electrode length found on the reels could reach 7,000 – 12,000 m. 
The diameter of the electrode tool and the speed of the tool electrode motion along its axis must be thus 
established so that even affected by the normal tool electrode wear process (Fig. 1 (b)), the wire maintains its 
integrity, being found in the traveling process. If we take into consideration a semicylindrical surface involved in the 
electrical discharge machining process, the intensity of the mean current could correspond to the relation: space. 
2
GSdlI     (1) 
where d is the diameter of the wire, l – length of the active zone of the wire electrode (thickness of the plate 
workpiece and δ is the electric current density. 
The relation highlights that in the case of thick plate workpiece, the electric current density must be 
proportionally increased, if one desires to obtain the same size of the material removal ratio. 
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Fig. 1. (a) Development of the wire electrical discharge machining process; (b) Wire tool electrode surface affected by the wear 
Each electrical discharge determines the removal of a small quantity from the wire tool electrode; if the wire  tool 
electrode does not move along its axis, successive electrical discharges developed between the wire tool electrode 
and the workpiece could generate the diminishing of the cross area of the wire and even the breakage of the wire 
tool electrode;  in order to remove or to diminish the possibility of breaking the wire, adequate mechanism are 
necessary to generate the wire tool electrode motion along its axis. 
The speed of this motion must be thus selected and applied that the wire tool electrode not be broken; at the same 
time, the motion speed must not be too high, in order to ensure a long service life for the wire tool electrode (there is 
the recommendation that the wire be used only once). 
At the same time, each electrical discharge could determine a transversal oscillation of the wire tool electrode, 
due the microexplosions which accompanies the developing of the electrical discharges. If the wire tool electrode is 
not subject to tensile, its transversal oscillations could affect the machining accuracy; this means that adequate 
mechanism must ensure a certain tensile, so that the wire tool electrode maintain, if possible, its rectilinear shape. At 
the same time, the tensile force has to not be too high, in order to not generate the breakage of the wire tool 
electrode. 
3. Solutions proposed 
In order to improve the development of the wire electrical discharge machining, without affecting the machining 
accuracy and the surface roughness of the obtained surfaces, two devices able to ensure a periodical change of the 
wire speed, between previously established limits, along the wire axis, were designed. In this way, an acceleration of 
the material removal from the work zone is expected, as a consequence of the following facts: 
x The liquid penetration in the work gap is facilitated; 
x The removal of eroded particles and of the workpiece material found initially in a liquid state in the erosion 
crater could be improved; 
x A change of the wire vibrations character could develop, due to the composition of the transversal vibrations 
generated by the erosive process with the longitudinal vibrations determined by the variation of the wire 
motion speed. 
One considers that the designed devices could introduce some advantageous aspects of technological interest: 
x An increase of the material removal rate could be possible due to a better evacuation of the eroded particles 
from the work gap; 
x An improving of the machining accuracy due to the changes in the character of stationary wave of the wire 
tool. 
The device presented in Fig. 2 was designed in order to ensure a variation between pre-established limits of the 
wire tool electrode motion speed [9]. Essentially, this device includes a base plate 2, on which there is an 
electromagnetic subsystem 3, whose work generates the periodical motion of the lever 4 round of the bolt 5 axis; 
another bolt 6, placed at the end of the lever 4, contributes to the generation of a periodical motion of the lever 7 
work gap 
wire tool electrode 
wire tool electrode 
workpiece 
workpiece affected surface of the wire 
tool electrode  
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round of a bolt 8, fixed on the base plate 2. The wire electrode 1 travels on the roll 12, found at one of the ends of 
the bar 10 and on the roll13; the axis of the roll 13 is also fixed on the base plate 2. The rectilinear – alternative 
motion of the bar 10 ensures conditions for a periodical change of the wire tool electrode motion speed along its 
axis. 
In order to modify the amplitude of the rectilinear – alternative motion of the bar 10, the bolt 8 can be moved 
together with its supporting plate 14, along two grooves existing in the supporting plate. Establishing in the desired 
position of the supporting plate 14 is possible by means of two cylindrical bars15, heaving threaded ends; the 
cylindrical bars 15 are fixed on the base plate 2 by means of two nuts 16. 
The controlled motion of the squared bar10 must be achieved without shocks and, as consequence; a spring 17 
was included in the device. This spring 17 has an end fixed on the bolt 18, placed on the squared bar 10. The other 
end of the spring 17 is fixed on the bolt 19. In order to easy modify the tension in the wire tool electrode by means 
of the spring tensioning, the bolt 17 could be moved with its supporting plates along a groove existing in the 
supporting plate 20. The fixing of the supporting plate 20 on the base plate 2 is made by means of a nut 21, found on 
the threaded end of a bar 22; this bar 22 passes through a groove existing in the supporting plate 20 and it is fixed on 
the base plate 20. 
Other device aiming the introducing periodical variation of the wire tool electrode travelling speed is presented in 
Fig. 3. The device could be mounted on the trajectories of guiding the wire tool electrode both before entering the 
workpiece and after its exiting from the workpiece. 
The device includes a base plate 2, on which there is the plate for supporting the assembly motor – gear box 3. 
The rotation motion obtained by means of the motor subassembly 3 is changes in a rectilinear – alternative motion 
by means of a mechanism oscillated slide 4 – eccentric bolt 5. In this way, the bar 6 achieves a rectilinear alternative 
motion in guides constituted by means of clip 7. The wire tool electrode travels on the pairs of rolls 8-9 and 10-11, 
placed at the ends of the bar 6 and between the pairs of rolls 12-13, 14-15, 16-17 and 18-19. The axes of the rolls are 
fixed on the base plate 2.  
The rectilinear – alternative motion of a bar 6, together with the pairs of rolls 8-9, 10-11, 12-13, 14-15, 16-17 and 
18-19 contributes to a supplementary tension of the wire tool electrode at the other end of the bar and let free the 
wire tool electrode at the other end of the bar; in this way, a controlled change of the wire tool electrode travelling 
motion speed could be performed.  
In order to change the amplitude of the rectilinear alternative motion of the bar 6, the bolt 6 could be 
moved and fixed by means of screw – nut mechanism, together with its slide, in radial guide existing in a disc 
placed on the axis of the motor subassembly 3. Placing the bolt 5 at a bigger radius, an increase of the vibration 
motion amplitude could be expected. 
Fig. 2. Device for changing the wire tool electrode speed by means an electromagnetic subsystem 
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4. Conclusions 
The wire electrical discharge machining uses a wire tool electrode found in travelling from a supply reel to take-
up reel; due to the electrical discharges developed between the tool electrode and the workpiece, parts having 
various contours could be detached from a plate workpiece. In order to improve the machining process efficiency, 
various solutions could be applied. Two devices able to act on the tool electrode were proposed. One of the solution 
proposes the use of an electromagnetic subsystems, while the second solution is based on the use of a subassembly 
electric motor – gear box. 
In the future, there is the intention to verify the behavior of the above mentioned devices in real conditions, 
during a wire electrical discharge machining process. An other problem that could be approached refers to the 
designing and achieving a device able to facilitate the development of a wire electrical discharge machining process 
on a ram electrical discharge machining, including some of the abovementioned solutions in order to improve the 
evolution of the electrical discharge machining process. 
References 
[1] Nanu D, (coord. volum II) et al. Treaty of non-conventional technologies. Vol. II. Electrical discharge machining (in Romanian). Editor; D. 
Nanu. Sibiu: Editura Universităţii „Lucian Blaga”; 2004. 
[2] Dodun O. Contribution to optimisation of wire electrical discharge machining technology. Doctoral thesis. Iaşi: “Gheorghe Asachi” 
Technical University of Iaşi, 2000.  
[3] Shitik OY, Osipenko VI, Stupak DO. Technique for the determination of wire-electrode tool shift value during the process of the conical 
four-coordinate electroerosion treatment. Surf Eng Appl Elect 2007; 43, 4:287-290.  
[4] Dodun O, Gonçalves-Coelho A, Slătineanu L, G. Nagîţ. Using wire electrical discharge machining for improved corner cutting accuracy of 
thin parts. Int J Adv Manuf Tech 2009;41,9-10:858-864. 
[5] Patel D, Vaghmare V. A Review of recent work in wire electrical discharge machining (WEDM). IJERA 2013; 3, 3:805-816. 
[6] Kinoshita N, Fukui M, Kimura Y. Study on Wire-EDM: Inprocess Measurement of Mechanical Behaviour of Electrode-Wire. CIRP Annals 
- Manufacturing Technology 1984; 33, 1:89-92. 
[7] Lauwers B, Kruth JP, Eeraerts W. Wear behaviour and tool life of wire-EDM-ed and ground carbide punches. CIRP Annals - Manufacturing 
Technology 2005; 54, 1:163-166. 
[8] Ho KH, Newman S, Rahimifard TS, Allen RD. State of the art in wire electrical discharge machining (WEDM). Int J Mach Tool Manu 
2004; 44, 12:1247-1259. 
[9] Dodun O, Lungu G. Process and device for accelerating the electroerosion process when working with wire electrode. Patent RO 120052 
B1, B23H 1/00, no. 99-01290. 
Fig. 3. Device for periodical change of the wire tool electrode speed by means a subsystem electric motor – gear box 
